Introduction
Nanomaterials have a long list of applicability in improving human life and its environment. An important area of research in nanotechnology is the biosynthesis of nanoparticles such as nanosilver. The extremely small size and large surface area relative to their volume makes them useful for applications in various fields, such as antibacterials [34] , therapeutics [40] , high-sensitivity biomolecular detection and diagnostics, silver-nanocoated medical devices [37] , optical receptors [26] , nonlinear optics, spectrally selective coating for solar energy absorption, biolabeling, intercalation materials for electrical batteries, catalysis in chemical reactions [9] , cosmetics, microelectronics, and conductive inks and adhesives [2] .
Silver nanoparticles (AgNPs) are currently commonly synthesized by chemical reduction [21] , thermal treatment [35] , irradiation [30] and laser ablation [38] , which are lowyield, energy-intensive, difficult to scale up, often producing high levels of hazardous wastes, and may require the use
The current research was focused on the extracellular biosynthesis of bactericidal silver nanoparticles (AgNPs) using cell-free supernatant of a local isolate previously identified as a novel Streptomyces aegyptia NEAE 102. The biosynthesis of silver nanoparticles by Streptomyces aegyptia NEAE 102 was quite fast and required far less time than previously published strains. The produced particles showed a single surface plasmon resonance peak at 400 nm by UV-Vis spectroscopy, which confirmed the presence of AgNPs. Response surface methodology was chosen to evaluate the effects of four process variables (AgNO 3 concentration, incubation period, pH levels, and inoculum size) on the biosynthesis of silver nanoparticles by Streptomyces aegyptia NEAE 102. Statistical analysis of the results showed that the linear and quadratic effects of incubation period, initial pH, and inoculum size had a significant effect (p < 0.05) on the biosynthesis of silver nanoparticles by Streptomyces aegyptia NEAE 102. The maximum silver nanoparticles biosynthesis (2.5 OD, at 400 nm ) was achieved in runs number 5 and 14 under the conditions of 1 mM AgNO 3 (1-1.5% (v/v)), incubation period (72-96 h), initial pH (9) (10) , and inoculum size (2-4% (v/v) ). An overall 4-fold increase in AgNPs biosynthesis was obtained as compared with that of unoptimized conditions. The biosynthesized silver nanoparticles were characterized using UV-VIS spectrophotometer and Fourier transform infrared spectroscopy analysis, in addition to antimicrobial properties. The biosynthesized AgNPs significantly inhibited the growth of medically important pathogenic gram-positive (Staphylococcus aureus) and gram-negative bacteria (Pseudomonas aeruginosa) and yeast (Candida albicans).
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of organic solvents and toxic reducing agents like sodium borohydride and N,N-dimethylformamide. Thus, these techniques yield extremely expensive materials. In addition, the produced nanoparticles exhibit undesirable aggregation with time. Hence, a green synthesis method has been developed to obtain biocompatible, cost-effective, clean, nontoxic, easily scaled up for large-scale synthesis, and ecofriendly size-controlled nanoparticles. Microbial properties of bioaccumulation, biosorption, biodetoxification, and biomineralization have been regarded as opportunities to use them as nanofactories for mining nanomaterials [18] .
One of the major issues to be considered during synthesis of nanoparticles is their size, depending on which the applications may vary [7] . Biosynthetic methods can be categorized into intracellular and extracellular synthesis according to the place where nanoparticles are formed [36] . For extracellular synthesis, it is reported that a reductase enzyme is released into solution, which reduces a salt to its metallic solid nanoparticles through the catalytic effect [1] . Extracellular secretion of enzymes offers the advantage of obtaining large quantities in a relatively pure state, free from other cellular proteins associated with the organism, and can be easily processed by filtering of the cells and isolating the enzyme for nanoparticles synthesis from cellfree filtrate. Various microorganisms (bacteria, yeast, fungi) are known to synthesize silver nanoparticles. The produced nanoparticles have different sizes and shapes.
The shape of AgNPs, predominantly spherical, is common to microbial-mediated synthesis [31] . Nanoparticles resulting from some microbial processes are composite materials and consist of an inorganic component and a special organic matrix (proteins, lipids, or polysaccharides) and they have unique chemical and physical properties different from the properties of conventionally produced nanoparticles and of other microorganisms even when they are incubated in the same medium under the same conditions [19] .
Traditionally, fermentation processes have been optimized by changing one independent variable or factor at a time while keeping the others at some fixed values. The disadvantages of such a classical method are that it is time consuming, laborious, and expensive; in addition, it ignores the combined interactions among different variables employed [6] . Consequently, statistical methods are increasingly preferred for fermentation optimization because they reduce the total number of experiments needed and provide a better understanding of the interactions among factors on the outcome of the fermentation [24] . Response surface methodology (RSM) is a statistical technique based on the fundamental principles of statistics, randomization, replication, and duplication, which simplifies the optimization by studying the mutual interactions among the variables over a range of values in a statistically valid manner. It is an efficient statistical technique for optimization of multiple variables in order to predict the best performance conditions with a minimum number of experiments and explain the individual and interactive effects of test variables on the response [20] .
In this study, for the first time, a novel actinomycete strain, Streptomyces aegyptia NEAE 102, is utilized for the synthesis of silver nanoparticles.
A statistical approach (central composite design) has been employed in the present study to optimize the extracellular biosynthesis of silver nanoparticles by the novel Streptomyces aegyptia NEAE 102. The biosynthesized nanoparticles were characterized for their surface properties using FTIR, in addition to antimicrobial properties using gram-positive, and gram-negative bacterial strains and yeast.
Materials and Methods

Microorganisms and Cultural Conditions
The Streptomyces sp. used in this study is a local isolate previously identified as the novel Streptomyces aegyptia NEAE 102, and its sequencing product was deposited in the GenBank database under Accession No. HQ677021 [5] 
Inoculum Preparation
Erlenmeyer flasks (250 ml) containing 50 ml of medium consisting of (g/l): Soluble starch 20; NaNO 3 2; K 2 HPO 4 1; MgSO 4 ·7H 2 O 0.5; and distilled water up to 1 L were inoculated with three disks of 9 mm diameter taken from 7-day-old stock culture grown on starch nitrate agar medium. The flasks were incubated for 48 h in a rotatory incubator shaker at 30ºC and 200 rpm and were used as inoculum for subsequent experiments.
Extracellular Synthesis of AgNPs
In order to screen an efficient strain for the synthesis of AgNPs, 7 Streptomyces strains (Streptomyces aegyptia NEAE 102, Streptomyces viridochromogenes, Streptomyces sp. NEAE D, Streptomyces albogriseolus, Streptomyces mutabilis NEAE F, Streptomyces sp. NEAE 126, and Streptomyces sp. NEAE 25) were freshly inoculated in an Erlenmeyer flask containing 50 ml of the production medium consisting of (g/l): Soluble starch 20; NaNO 3 2; K 2 HPO 4 1; MgSO 4 ·7H 2 O 0.5; and distilled water up to 1 L. The inoculated flasks were incubated on a rotatory incubator shaker at 30°C and 200 rpm for 72 h. After the incubation period, the cell-free supernatant was obtained by centrifugation at 5,000 rpm for 30 min. For the biosynthesis of AgNPs to occur, 1% (v/v) of 1 mM AgNO 3 was added to the cell-free supernatant and incubated on an orbital shaker (dark condition) for 24 h at 30°C. The cell-free supernatant without addition of AgNO 3 was maintained as a control. Rapid biosynthesis of AgNPs was achieved by addition of silver nitrate solution (1 mM AgNO 3 ) to the cell-free supernatant of Streptomyces aegyptia NEAE 102, where immediately it turned to a brown color solution. Consequently, the bioreduction reaction was monitored by visual color change and UV-visible absorbance of the reaction mixture in the 300-600 nm range.
Experimental Design
In this study, the effect of four process parameters, namely AgNO 3 concentration (X 1 ), incubation period (X 2 ), pH level (X 3 ), and inoculum size (X 4 ), on biosynthesis of silver nanoparticles was studied and optimized using central composite design (CCD). Each factor in the design was studied at five different levels (-2, -1, 0, 1, 2). The coded and actual values of the variables at various levels are given in Table 1 . The central values (zero level) chosen for experimental design were 1 mM AgNO 3 (1% (v/v)), incubation period 72 h, pH level 8, and inoculum size 4% (v/v). The experimental design used for the study consisted of 30 trials (Table 2 ). Experiments were conducted in 250 ml Erlenmeyer flasks containing 50 ml of medium prepared according to the design. The flasks were kept in an incubator shaker maintained at 30°C and 200 rpm.
All the experiments were done in duplicate and the average of absorbance at 400 nm, which indicates the biosynthesis of silver nanoparticles obtained, was taken as the dependent variable or response (Y).
The experimental results of CCD were fitted via the response surface regression procedure, using the following second-order polynomial equation: (1) where Y is the predicted response, β 0 is the regression coefficients, β i is the linear coefficient, β ii is the quadratic coefficients, β ij is the interaction coefficients) and X i is the coded levels of independent variables. However, in this study, the independent variables were coded as X 1 , X 2 , X 3 , and X 4 . Thus, the second-order polynomial equation can be presented as follows: (2) The graphical representation of the model equation results in response surface plots that represent the individual and interactive effects of test variables on the response.
Statistical Analysis
The experimental data obtained were subjected to multiple linear regressions using Microsoft Excel 2007 to evaluate the analysis of variance (ANOVA). The quality of fit of the regression model was expressed via the correlation coefficient (R), the coefficient of determination (R 2 ), and the adjusted R 2 , and its statistical significance was determined by an F-test. The optimal value of activity was estimated using the Solver function of Microsoft Excel tools. The statistical software package STATISTICA software (Ver. 8.0; StatSoft Inc., Tulsa, USA) was used to plot the three-dimensional surface plots, in order to illustrate the relationship between the responses and the experimental levels of each of the variables utilized in this study.
Characterization of Silver Nanoparticles
UV-visible spectral analysis. The biosynthesized silver nanoparticles using the cell-free supernatant were monitored by changes in color. AgNPs were characterized by a UV-vis spectrophotometer (Jenway UV/Visible-2605 spectrophotometer, England) scanning in the range of 300-600 nm at regular intervals. Cell-free supernatant without addition of silver nitrate was used as a control throughout the experiment.
Fourier-transform infrared spectroscopy analysis. The interaction between protein and AgNPs was analyzed by Fourier transforminfrared spectroscopy (FTIR). The synthesized AgNPs sample was freeze dried and diluted with potassium bromide (in the ratio of 1:100) to make a pellet. The FTIR spectrum of samples was recorded on a FTIR instrument (FTIR-8400S). The measurement was carried out in the range of 500-4,000 cm -1 at a resolution of 1 cm suspension of each bacterial test organism was used to prepare bacterial lawns. Agar wells of 6 mm diameter were prepared with the help of a sterilized stainless-steel cork borer. The wells were loaded with 50 µl of AgNPs solution and 50 µl of cell-free supernatant without AgNO 3 as a control. The plates were incubated at 30 o C for 24 h and then were examined for the presence of inhibition zones. The diameter of such zones of inhibition was measured and the mean value for each organism was recorded and expressed in millimeter unit.
Results and Discussion
Extracellular Biosynthesis of Silver Nanoparticles
The biosynthesis of silver nanoparticles was performed by using 100 ml of cell-free supernatant of Streptomyces aegyptia NEAE 102 treated with 1% (v/v) of 1 mM aqueous AgNO 3 . The reaction mixture was kept in dark to avoid a photolytic reaction. Immediately, the pale yellow colored reaction mixture turned into a brown color within one minute indicating the formation of AgNPs (Fig. 1A) . The biosynthesis of silver nanoparticles by Streptomyces aegyptia NEAE 102 was quite fast as in our previous work [4] and required far less time than previously published strains.
The time required for completion of nanoparticle production varied from 24 to 120 h; this lengthy reaction is the one major drawback of biological synthesis and must be corrected if it is to compete with chemical procedures for nanoparticle synthesis [29, 39] .
UV-Visible Spectral Analysis
In order to determine the formation of extracellular AgNPs, the reaction mixture was monitored by UV-Vis absorption spectrum scanning in the range of 300-600 nm. The specific surface plasmon resonance (SPR) spectra of silver nanoparticles produced by the Streptomyces aegyptia NEAE 102 revealed a strong absorption peak at 400 nm, indicating the presence of AgNPs (Fig. 1B) . The position and shape of the plasmon absorption of silver nanoclusters strongly depend on particle size, stabilizing molecules, or surface adsorbed particles, as well as the dielectric constant of the medium [10] . According to Mie's theory [16] , only a single SPR band is expected in the absorption spectra of spherical nanoparticles, whereas anisotropic particles could give rise to two or more SPR bands depending on the shape of the particles. The number of SPR peaks increases as the symmetry of the nanoparticle decreases [33] . Past studies suggested that DNA, sulfur-containing proteins [17] , and NADH and its dependent enzymes are possibly involved in the biosynthesis of AgNPs by the bioreduction of silver ion to metallic silver [27] . Chun et al. [3] reported that NADHdependent enzymes play a key role in these biosynthetic and biotransformation reactions as an electron carrier.
The UV-vis spectrum (Fig. 1B) clearly indicates the formation of AgNPs in the solution and the band corresponding to the surface plasmon resonance occurs at 400 nm. Ahmad et al. [1] showed that the band corresponding to the surface plasmon resonance occurs at 415 nm, and the exact position of absorbance depends on a number of factors such as the dielectric constant of the medium, size of the particle, etc.
Optimization of Silver Nanoparticles Biosynthesis Using Response Surface Methodology
In order to evaluate the relationship between response and independent variables and to determine the maximum silver nanoparticles biosynthesis corresponding to the optimal levels of AgNO 3 concentration (X 1 ), incubation period (X 2 ), initial pH (X 3 ), and inoculum size (X 4 ), a secondorder polynomial model was proposed to calculate the optimal levels of these variables. The results of experiments are represented in Table 2 . The results showed considerable variation in the silver nanoparticles biosynthesis. Treatment runs 5, 14, and 26 showed a high silver nanoparticles biosynthesis (≥ 2.3). The maximum silver nanoparticles biosynthesis (2.5) was achieved in runs 5 and 14 under the conditions of 1 mM AgNO 3 (1-1.5% (v/v)), incubation period (72-96 h), initial pH (9-10), and inoculum size (2-4% (v/v)), whereas the minimum silver nanoparticles biosynthesis (0.011) was observed in run number 3.
By applying multiple regression analysis on experimental data of central composite design, a second-order polynomial model explains the role of each variable and their secondorder interactions on silver nanoparticles biosynthesis. implies high degree of correlation between the observed and predicted values [20] . In this case, the value of the determination coefficient (R 2 = 0.98138) indicates that 98.138%
of the variability in the response was attributed to the given independent variables, and only 1.862% of the total variations are not explained by the independent variables. The absorption spectrum of silver nanoparticles exhibited a strong broad peak at 400 nm, and observation of such a band is assigned to the surface plasmon resonance of the particles.
In addition, the value of the adjusted determination coefficient (Adj. R 2 = 0.96401) was also very high, which indicates a high significance of the model. A higher value of the correlation coefficient (R = 0.99065) signifies an excellent correlation between the independent variables, which indicated a good correlation between the experimental and predicted values. Thus, the analysis of the response trend using the model was considered to be reasonable. ANOVA was employed to test the significance and adequacy of the model. This was carried by Fisher's statistical test for the analysis of variance. The F-value indicates the influence (significance) of each controlled factor on the tested model; the results are presented in Table 3 . The ANOVA of the regression model demonstrated that the model is highly significant, as was evident from the Fisher's F-test (56.4763) and a very low probability value (2.19E-10). The significance of each coefficient was determined by t-values and P-values, which are listed in Table 4 . The P-values denote the significance of the coefficients and are also important in understanding the pattern of the mutual interactions between the variables. It can be seen from the degree of significance that the linear and quadratic effects of X 2 (incubation period), X 3 (initial pH), and X 4 (inoculum size) are significant, meaning that they can act as limiting factors and little variation in their value will alter the product production rate. Furthermore, the probability values of the coefficient suggest that among the four variables studied, X 2 (incubation period) and X 3 (initial pH) shows maximum interaction between the two variables (0.000), indicating that 100% of the model is affected by these variables, followed by interaction between AgNO 3 concentration(X 1 ) and initial pH(X 3 ). On the other hand, among the different interactions, the interaction between X 1 (AgNO 3 concentration), X 2 (incubation period); interaction between X 1 (AgNO 3 concentration), X 4 (inoculum size); interaction between X 3 (initial pH), X 4 (inoculum size); and linear and quadratic effects of X 1 did not show significant effect on silver nanoparticles biosynthesis. In order to evaluate the relationship between dependent and independent variables and to determine the maximum silver nanoparticles biosynthesis corresponding to the optimum levels of AgNO 3 concentration (X 1 ), incubation period (X 2 ), initial pH (X 3 ), and inoculum size (X 4 ), a second-order polynomial model (Eq. (3)) was proposed to calculate the optimum levels of these variables. By applying the multiple regression analysis on experimental data, the second-order polynomial equation that defines predicted response (Y) in terms of the independent variables (X 1 , X 2 , X 3 , and X 4 ) was obtained:
Y (Silver nanoparticles biosynthesis) = 0.101 + 0.0136 X 1 + 0.365 X 2 + 0.360 X 3 -0.210 X 4 + 0.055 X 1 X 2 -0.099 X 1 X 3 + 0.002 X 1 X 4 + 0.385 X 2 X 3 -0.089 X 2 X 4 -0.037 X 3 X 4 + 0.0172 X 1 2 + 0.142
where Y is the predicted response, X 1 the coded value of AgNO 3 concentration, X 2 the coded value of incubation period, X 3 the coded value of initial pH, and X 4 the coded value of inoculum size. A comparison was made between the experimental and theoretical predictions by the model. The predicted and observed responses are presented in Table 2 . This result shows that the predictive accuracy of the model is high.
The Pareto chart illustrates the order of significance of the variables affecting silver nanoparticles biosynthesis in the central composite design, as shown in Fig. 2 . Among the four variables, the quadratic effect of initial pH showed the highest positive significance by 18.502%. Next to the quadratic effect of initial pH, the interaction between incubation period and initial pH showed a positive effect by 16.377%. The interaction between initial pH and inoculum size showed the higher negative effect by 1.568%.
The interaction effects and optimal levels of the variables were determined by plotting the response surface curves (shown in Figs. 3A-3F ) when one of the variables is fixed at optimum value and the other two are allowed to vary. Fig. 3A shows that there is gradual increasing of the silver nanoparticles biosynthesis with increasing the levels of AgNO 3 concentration. The maximum silver nanoparticles yield appeared at high levels of incubation time. Fig. 3B shows that higher levels of pH support high silver nanoparticles yield. On the other hand, lower and middle levels of AgNO 3 concentration support relatively high levels of silver nanoparticles yield. Fig. 3C represents the interaction between AgNO 3 concentration and inoculum size. It showed that a low level of inoculum size supports high silver nanoparticles yield and further increase in the inoculum size led to a decrease in the silver nanoparticles biosynthesis. On the other hand, the maximum silver nanoparticles biosynthesis was clearly situated close to the central point of AgNO 3 concentrations. Fig. 3D represents the three-dimensional plot as a function of pH and incubation time on silver nanoparticles biosynthesis. It was observed that there is gradual increasing of the silver nanoparticles biosynthesis with increasing both pH and incubation time. The maximum silver nanoparticles yield appeared at high levels of both pH and incubation time. Fig. 3E depicts the interaction of incubation time and inoculum size. The plot reveals that the low level of inoculum size and high level of incubation time supported high silver nanoparticles yield. Fig. 3F represents the threedimensional plot as a function of pH and inoculum size on silver nanoparticles biosynthesis. According to the plot, alkaline initial pH caused maximum silver nanoparticles biosynthesis at a low level of inoculum size. The biosynthesis was decreased remarkably as the pH decreased, whereas further increase in the inoculum size resulted in a gradual decrease in silver nanoparticles yield.
A low inoculum may require a longer time for microbial multiplication and substrate utilization to produce the desired product. On the other hand, a high inoculum would ensure rapid proliferation of the microbial biomass. Thus, a balance between the proliferating biomass and substrate utilization would yield maximum activity as recorded by Ramachandran et al. [23] . As the concentration of inoculum increases, it is followed by an increase in cell mass, and, after a certain period, metabolic waste interferes with the production of metabolites due to degradation of the product occurring. A lower inoculum density may reduce product formation, whereas a higher inoculum may lead to poor product formation, especially the large accumulation of toxic substances, and can also cause the reduction of dissolved oxygen and nutrient depletion in the culture media [22] . The pH value of the cultivation medium is very important for growth of the microorganism, characteristic of their metabolism, and hence for biosynthesis of metabolites. The hydrogen ion concentration may have a direct effect on the cell or it may indirectly affect it by varying the dissociation degree of the medium components [8] .
Verification of the Model
Optimal concentrations of the factors, obtained from the optimization experiment, were verified experimentally and compared with the predicted data. The measured silver nanoparticles biosynthesis was 2.4 OD at 400 nm, where the predicted value from the polynomial model was 2.32 OD at 400 nm. The verification revealed a high degree of accuracy of the model of more than 96.6%, indicating the model validation under the tested conditions. The optimal levels of the process variables for silver nanoparticles biosynthesis by Streptomyces aegyptia NEAE 102 were 1 mM AgNO 3 (1.5% (v/v)), incubation period (96 h), initial pH (9), and inoculum size (2% (v/v)).
Antimicrobial Activity of Synthesized AgNPs
The antimicrobial activity of synthesized nanoparticles was assessed using gram-positive (Staphylococcus aureus NRRL B-313) and gram-negative (Pseudomonas aeruginosa NRRL B-23) bacterial strains and yeast (Candida albicans NRRL Y-477) by the well-diffusion method (Fig. 4) . A control (cell-free fermentation broth without AgNO 3 addition) was also maintained in each plate. It was noticed that the produced nanoparticles displayed antimicrobial activity against selected test microorganisms. The highest antimicrobial activity was observed against Pseudomonas aeruginosa NRRL B-23 (28 mm), followed by Staphylococcus aureus NRRL B-313 (25 mm) and Candida albicans NRRL Y-477 (25 mm). The negative control (culture broth without AgNO 3 ) did not show any activity (Fig. 4) , which further confirms the antibacterial activity of silver nanoparticles. These findings are in agreement with previous studies that examined the antimicrobial activity of AgNPs against Staphylococcus aureus [28] .
Metallic silver in the form of AgNPs has been reported as a potential antimicrobial agent. The antibacterial potency of silver is directly proportional to the concentration of silver ions in the solution [12] . A number of possible mechanisms are proposed for the antibacterial activity of AgNPs. Silver ions have been known to bind with the negatively charged bacterial cell wall, resulting in the rupture and consequent denaturation of cellular proteins, which leads to cell death [13] . The synthesized AgNPs with smaller size can act drastically on the cell membrane and further interact with DNA and causes inhibition of DNA replication [17] , causing depletion of intracellular ATP by rupture of the plasma membrane or by blocking respiration in association with oxygen and sulfhydryl (SH) groups on the cell wall to form R S S R bonds, thereby leading to cell death [11] . Matsumura et al. [15] proposed that silver ions interact with the thiol groups of some of the major enzymes and inactivate them. Silver nanoparticles cause damage by possibly interacting with sulfur and phosphorus-containing compounds such as DNA [32] .
Fourier Transform Infrared Analysis
FTIR spectroscopy was used to characterize the surface chemistry of silver nanoparticles. The FTIR measurement can also be utilized to study the presence of a protein molecule in the solution. Fig. 5 shows the FTIR spectrum recorded from a pellet of potassium bromide and the silver nanoparticle produced by new isolate Streptomyces aegyptia NEAE 102 after 24 h of reaction. The spectrum showed the presence of six bands. The presence of bands at 1,056 and 1,616 Cm -1 in the FTIR spectrum suggests the capping agent of biosynthesized nanoparticles possesses an aromatic amine group. In addition, the vibrations located at 1,369 and 2,142 Cm -1 are attributed to the C-O stretching mode.
Furthermore, the FTIR spectrum of biosynthesized silver nanoparticles also revealed a peak at 3,382 Cm -1 of the stretching vibration of O-H bonds. This type of FTIR spectrum supports the presence of a protein type of compound on the surface of biosynthesized nanoparticles, confirming that metabolically produced proteins act as capping agents during production and prevent the reduced silver particles agglomeration. In fact, the carbonyl groups from amino acid residues as well as peptides of proteins are known for their strong silver binding property. It has been suggested that the stability of the AgNPs generated using cell-free culture supernatants could be due to the presence of a proteinaceous capping agent that prevents aggregation of the nanoparticles [25] .
Energy-Dispersive X-Ray Spectroscopy
Energy-dispersive X-ray spectroscopy (EDX) is an analytical technique used for the elemental analysis or chemical characterization of a sample. In the current study, for the confirmation of AgNPs, EDX spectroscopy analysis was performed, which confirmed the presence of elemental silver by the signals (Fig. 6 ). The optical absorption band peak in the range of 3 to 4 keV is typical for the absorption of metallic silver nanocrystallites [14] . However, there were other EDX peaks for Na, C, O, and Cl, suggesting that they were mixed precipitates from the centrifuged cell-free supernatant.
In conclusion, this study revealed that the novel actinomycete S. aegyptia NEAE 102 synthesized silver nanoparticles extracellularly. The produced silver nanoparticles showed single surface plasmon resonance at 400 nm. The silver nanoparticles formed were characterized by UV-Vis spectroscopy and FTIR. This report presents data for the first time on the ability of the cell-free culture supernatant of S. aegyptia NEAE 102 to convert silver nitrate to AgNPs. The biosynthesized nanoparticles displayed a pronounced antimicrobial activity against gram-negative and grampositive bacterial strains as well as yeast. 
